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Abstract
THE NONENZYMATIC BROWNING REACTION OF WHOLE WHEAT BREAD
by Lily S. Wilson
Forty-eight weanling male Sprague-Dawley laboratory white rats
were fed diets composed of whole wheat bread which was made with one
of the three sweeteners studied and added before or after baking and
adequate vitamins and minerals for the animals' needs. The rats were
divided into six groups, designated A through F. Groups A, C, and E
were fed bread diets that had the sweeteners honey, corn syrup, and
white table sugar added respectively before baking, while Groups B, D,
and F were fed bread diets with the sweeteners honey, corn syrup, and
white table sugar added respectively after baking.
The data in this study indicate that no significant difference
was found in the growth of rats fed diets containing whole wheat bread
in which the sweeteners were added before or after baking. Though the
rats fed the bread diets baked without sweeteners added before the
baking had increased growth rates, the increased growth rate for this
size group was not statistically significant.
The data presented in this study showed that there was no signi­
ficant difference in the rate of growth in rats consuming diets con­
taining whole wheat bread whether honey, corn syrup, or white sugar was
added before or after its baking. Since the sample in this study was
limited, a generalization should not be made. However, from the find­
ing of this exploratory study, it appears that if ordinary bread
procedures as used in this study are used, the amino acid content of
baked whole wheat breads will not be affected in any degree to impair
growth.
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There are two types of browning reactions—enzymatic and nonenzy-
The enzymatic browning reaction is an enzyme-mediated reactionmatic.
involving oxygen and polyphenolic compounds and mainly occurs in fruits
and vegetables, while the nonenzymatic browning reaction is a reaction
involving sugars and sugar-related compounds (Paul and Palmer, 1972).
This study will deal with the latter reaction.
In 1912, Maillard was the first to discover a brown color that
developed in a mixture that contained amino acids and reducing sugars.
Ramsey et al. (1953) later showed that the reducing sugars also react
This interaction of protein orwith protein as well as amino acids.
amino acids with sugars is called the Maillard reaction after its dis-
Many scientists have studied the aroma produced by thiscoverer.
However, because of the present world food crisis, studies ofprocess.
the loss of protein quality are of great importance.
PURPOSE OF STUDY
The purpose of this study is to determine the effects of honey.
corn syrup, and white table sugar, when used as an ingredient, on the
The protein quality was assessedprotein quality of whole wheat bread.
by rate of growth of weanling laboratory white rats.
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Chapter II
REVIEW OF THE LITERATURE
MAILLARD REACTION
The first step in this reaction, as shown in Figures 1 and 2, is
between the carbonyl group of the sugar and the amine group of the
amino acid or protein to form an aldosylamine. An Amadori rearrangement
then takes place, and the aldosylamine forms a ketoseamine. The reac­
tion continues by forming polymers and copolymers which are known as
melanoidins. The color of the melanoidins ranges from pale yellow to
dark brown, depending on the product used and the extent of the chemi­
cal reaction.
Of the many types of nonenzymatic browning reactions, two are most
prominent. The most common type is the carbonyl-amino reaction which
includes the reaction of aldehydes, ketones, and reducing sugars with
amines, amino acids, peptides, and proteins. The other prominent type
is the caramelization reaction which occurs when polyhydroxycarbonyl
compounds are heated to a high temperature in the absence of amino com­
pounds . The latter requires more energy to initiate than the carbonyl-
amino reactions. Neither carbonyl-amino nor caramelization reactions
are dependent upon the presence of oxygen to produce browning. The
ratio and degree of browning increase rapidly with a rise in tempera­
ture and pH (Hodge, 1953).
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INITIAL STEP OF MAILLARD REACTION
O
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Figure 1. Proposed Type Reactions Involved in Initiation of Nonenzymatic 
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Sugar-Amino Acid Reaction Pathways Resulting in Final 
Maillard Browning Pigments (Adrian, 1974).
Figure 2.
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Adrian (1974) reported that after the Amadori rearrangement, a
l-amino-l-deoxy-2-ketose molecule is formed. This molecule forms a
turntable for the reaction and can be degraded by three processes:
1) a fission process which yields carbonyl compounds, 2) a dehydration
process in which furfural results, and 3) a more moderate dehydration
process in which reductones and dehydro-reductones are produced. The
dehydro-reductones can then be reacted with an amino acid which will
This last reaction is the well-known Streckerproduce an aldehyde.
Degradation. Adrian (1974) referred to the initial stage of the
Maillard reaction as premelanoidin while those to the end are termed
melanoidin. It is at the premelanoidin stage of the reaction that
much importance was placed because it is at this point that the loss
of protein quality starts. As the required temperature for the
Maillard reaction is reached in an experiment, an enzyme-resistant
linkage is formed between the amino acids and sugars. The link cannot
be enzymatically hydrolyzed, but can be broken to regenerate the initial
sugar and amino acid by fragmentation, dehydration, and condensation.
Adrian states that the loss in amino acids and protein quality starts
at this phase and is irreversible.
Maillard found that in this reaction a considerable amount of
carbon dioxide is formed (Maillard, 1913). Other researchers stated
that this concentration of carbon dioxide is proportional to the amount
of amino acid present and the increase in color (Ambler, 1929). Cole
(1967) reported that with an increase in pH and carbonyl compounds,
carbon dioxide formation was high. Kretovich and Tokarena (1949)
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observed that the reaction between various amino acids and sugars led
to the formation of a brown pigment which was accompanied by the pro­
duction of furfural and other volatile aldehydes that were responsible
Rothe and Thomas (1959) later reported that there wasfor the aroma.
a relationship between crust browning and the quantity of both total
aldehydes and furfural. Evidence indicates that furfural is formed
from sugars and that fructose produces more furfural than other sugars.
Haas (1948) showed that furfural gave rise to browning.
Leo and Hannan (1949) investigated the different stages of the
In an experiment using a solution of sodiumMaillard reaction.
caseinate and glucose at pH 6.3 and held at 37°C with a relative
humidity of 70%, he discovered that free amino acids react rapidly
with glucose during the first stage, and there was an equal loss of
After 5 days, however, one-third of the aminoamino acids and glucose.
acid was destroyed and no color change was observed in the solution.
After 30 days, when the protein-sugar complex had become brown, about
90% of the lysine, 70% of the arginine, and 30% of the histidine had
One-half of the methionine and one-third of the tyrosine hadreacted.
disappeared. There was no significant loss of tryptophan.
Because the carbonyl group of sugars plays an important part in
the Maillard reaction, several experiments have been designed to test
the stability and effect of the sugar carbonyl during the reaction.
Pomeranz et al. (1961), using glycine and lysine, studied the effect
of different sugars in browning. The results showed that pentoses
exhibited the highest reactivity. The order of decreasing activity is
7
Among the hexoses, galactose is theribose, xylose, and arabinose.
Themost reactive followed by levulose, manose, sorbose, and glucose.
experiment showed the entire sugar molecule is involved in the forma-
No browning was produced with the nonreducingtion of the brown color.
disaccharides, such as sucrose and treholose. In another study done by
Grunhut and Weber (1921) using glycine, leucine and alanine, and sev­
eral sugars, they reported that among the hexoses, arabinose was the
most reactive; glucose, galactose, and fructose followed in decreasing
In this experiment, it was shown that different amino acids ororder.
proteins reacted with sugars in different ways. Glycine was more
reactive than alanine while leucine was completely unreactive.
NUTRITIVE AND PHYSIOLOGICAL ASPECTS
In the first stage of the Maillard reaction, the reaction of the
sugar with amino acids lowers the protein quality and makes certain of
In some cases, supplements of amino acidsthe amino acids unavailable.
have been used to make up for this loss, but studies have shown that
only in foods which were not highly reactive could the supplement
improve protein quality.
During the premelanoidin stage of the Maillard reaction, sugar
loss was found to be more rapid than amino acid loss. When a glucose-
lysine isomolecular solution was examined, there was a loss of 63% of
the sugar and only 44% of the amino acid. The shorter the carbon
As a result, the pentoses show achain the more reactive the sugar.
faster reaction than the hexoses and disaccharides (Adrian, 1974).
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Lento et al. (1958) reported that amino acids are not direct agents of
browning; their action, however, is directly proportional to the
distance between the carbon and the amino group: ^ - amino-butyric
acid causes ten times more intense coloration than its - isomer;
lysine also is six times more active than norleucine which has no
other amino group than that in the 6< position. Taeufel (1961) found
that amino acid loss and formation of color are two separate processes.
Burton and McWeeny (1962) argue that the presence of amino acids do not
directly relate to coloration. Friedman and Kline (1949) found that
inhibitor agents of browning decrease the rate of color formation
without decreasing the rate of the amino acid loss.
Maillard in his work used concentrated solutions, wide temperature
ranges (34o-150°C), rather long periods of time, and moderate pH ranges
(2.2-6.1). In one experiment, he compared the action of various amino
acids on glucose, and the reaction of various sugars on glycine.
Standard amounts of solution were measured and then heated in a boil­
ing water bath. Color formation and carbon dioxide evolution were
closely monitored. The reaction of the amino acids with glucose was
in the following decreasing order: alanine, valine, glycine, glutamic
acid, leucine, isoleucine, and tyrosine .
The reaction of the sugars with glycine showed the following
decreasing activity: xylose, arabinose, fructose, galactose, manose.
Sucrose showed no color formation evenglucose, lactose, and maltose.
Friedman and Kline (1949) studied 12 amino acids (Tableafter 4 hours.
































4.0 gm sucrose 
0.25 gm malt syrup 
4.0 gm nonfat dry milk 
3.0 gm potassium bromate
Bread formula (Rubenthaler et al., 1963) showing the effects of sugars 
and amino acids on bread characteristics.
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experiment/ microbiological assays showed at least a 20% loss of
histidine, arginine, tryptophan, phenylalanine, lysine, and threonine.
This indicated that these important amino acids can be made unavailable
in the Maillard reaction.
Quality of bread is influenced by several factors including com­
position of the flour, dough formula, and bread baking procedure (Ruben-
Zenter (1961) reported that adding amino acidsthaler et al., 1963).
When glycineto wheat flour increased the browning of the baked crust.
Kretovichand lysine were added to dough, gas production was lowered.
and Tokarena (1949) found that there was a significant decrease in amino
acids in crust in which there was an increase in sugar content. Pomer-
anz et al. (1961) reported that when glycine and/or lysine were heated
at 114°C with 20 different sugars, pentose was most reactive followed
by reducing hexoses and disaccharides. Browning was rapidly increased
According to Linko and Johnson (1962),with increasing levels of lysine.
the addition of sugar to a standard bread mixture causes an increase
in crust browning with corresponding decrease in amino acid content.
Linko and Johnson (1962) conducted studies on the change in amino
acid content and the formation of carbonyl groups during baking. When
the reaction had taken place, they found that there was a decrease in
free amino acids, which they stated was due to the excess amount of
Pomeranz et al. (1961) studiedsugar in comparison to amino acids.
model systems using glycine and lysine which showed the effect of vari-
In alkaline states, browning wasous sugars on the rate of browning.
greatly enhanced. Lysine was reported more reactive than glycine.
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Depending on the amino acid used, browning was found to be more
effective with the more highly reducing sugars.
The Maillard reaction is of interest to both biochemists and
physiologists who see this reaction as falling into three categories:
1) a sugar-amine destruction which results in the reduction of the
protein quality, 2) formation of a substance which is toxic in nature
and prevents food from being nutritionally suitable, and 3) the forma­
tion of an aroma which is said to give flavor to foods and is appetiz-
Several foodstuffs which are sensitive to theing to the consumer.
Maillard reaction are dairy products rich in lactose and protein,
cereal products, and fish meal which is damaged by heating if nucleic
Legume seeds and yeast are stable because of theacids are present.
small amount of reducing sugars they contain. Meat products are very
resistant to the Maillard reaction because of low pH and the absence
of sugars (Adrian, 1974).
Bread is the most convenient and tasty form for obtaining the
nutritional benefits of wheat flour. The extensive utilization of
wheat flour as a major source of food would not have been possible if
Yet, there is a loss in availablebaked forms were not available.
lysine from 10-30% on baking and more loss when bread is toasted
(Rubenthaler et al., 1963).
Rubenthaler et al. (1963) conducted experiments in duplicate
showing the effect of certain amino acids on sugars in a bread baking
procedure. The formula is shown in Table II. Baking time was 24
minutes at 218°C. The results are as follows: glycine gave a deeper
12
color to bread crust than did lysine on a weight basis. The molecular
weight of lysine and glutamic acid is approximately twice that of
On an equimolar basis, lysine gave equal crust browning asglycine.
Glutamic acid had the least effect on crust color.that of glycine.
No clear-cut difference in crumb color could be attributed to the
added amino acids or sugars.
Adrian (1974) reported that when cereal products were heated.
there was a block and a destruction of lysine. The crust serves as a
When a slice of bread isprotective layer for the body of the bread.
toasted, however, there is much more loss of its protein quality
because of the direct exposure to high temperature. Breads that are
baked in pans had a better chance of preserving their protein quality
It was found that the addi-than those that were baked without pans.
tion of yeast helped in maintaining the lysine in bread. Under normal
circumstances, bread loses about 10% of its lysine in the crumb but in
In otherthe crust about 70% is lost (Rosenberg and Rohdenburg, 1951).
foods such as noodles, a high percent of lysine was found to be lost
The highestdue to the high temperature required for processing.
When processed atdamage is found in toasted flakes and puffed cereal.
200°C, the protein efficiency ratio is found to be 30% and 74% of the
control respectively.
Riesen et al. (1974) reported that when soybean cake was over­
heated at 120°C for 4 hours, 52% of the lysine and 2% of the methionine
An experiment in which a glucose-glycine mixture and awere lost.
glucose mixture were heated at 90°C for different time intervals
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resulted in a PER of 3% for heated glucose and a PER of 22% for the
glucose-glycine mixture. These experiments showed that the destruction
of lysine occurred during the first stage of the reaction; and as the
reaction progressed, the less effect the products had on the PER. The
fall in PER during the premelanoidin stage corresponds to a growth
reduction of 20-40% when high doses of premelanoidins were given
(Adrian, 1974).
When the amino acids were included in a protein chain, they were
more protected from participating in browning than when the MaiHard
In a protein chain, selectivereaction involved free amino acids.
Those at the N-terminal are most easily destroyed.destruction occurs.
Next most easily destroyed are the basic amino acids, especially
lysine whose destruction is often 5-15 times greater than the other
The sulfur-containing amino acids (cystine and methionine)amino acids.
are third most easily destroyed followed by tryptophan (Adrian, 1974).
Lysine exhibited the following changes when various isolated proteins
1) The type of protein usedwere subjected to the Maillard reaction: 
was more related to the speed of the reaction than the type of sugar.
2) Lysine tends to be destroyed in proportion to its quantity in pro-
In proteins that contain 7% lysine, there was a 40% loss ofteins.
3) Lysine destruction is inlysine, while those with 3% had 18% loss.
direct relation to protein behavior during enzymatic hydrolysis. In a
group of proteins that appears sensitive to the Maillard reaction,
digestible lysine is present at 89%, whereas only 49% is enzymatically
hydrolyzed in thermostable protein. During the Maillard reaction, 42%
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of lysine was destroyed in the former group while only 14% in the
latter (Adrian, 1974).
An experiment by Clarke and Kennedy (1961) showed the availability
of lysine in whole wheat bread and in selected breakfast cereals. One
set of the animals was fed unbaked whole wheat ingredients, while the
second set was fed air-oven-baked whole wheat ingredients, and a third
set was fed ready-to-eat breakfast cereals. A microwave oven was used
to bake the bread for the fourth set. The animals fed the unbaked
products showed the largest increase in weight, whereas the animals
fed the oven-baked products had the lowest increase in weight. The
animals fed the ready-to-eat cereals hardly maintained their initial
weight. The animals consuming the air-oven-baked bread had a weight loss
of 24% which was less than those consuming the unbaked ingredients. The
animals consuming the microwave-oven-baked bread showed a 5% reduction
in protein efficiency ratio as compared to those consuming the unbaked
ingredients. The nitrogen content of the animals' carcass followed the
same pattern (Table IV).
The animals fed bread had the following lysine excretions:
unbaked—39%, microwave-baked—4.9%, and air-oven-baked—20-30%. Little
difference in the availability of lysine in the unbaked bread and the
bread baked in the microwave oven was found. It was stated that the
decrease in protein quality of the air-oven-baked bread may have been
due both to the length of time that it was exposed to heat and the
intensity of the heat and, at least in part, to the unavailability of
the lysine. A small amount of lysine is found to be destroyed in the
15
Table III
Composition of Diets (Percentages) Design to Test Whether the 
Lysine in Baked Bread is as Well Utilized as is Lysine in 











Unbaked whole wheat 
bread ingredients
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The availability of lysine in whole wheat bread and in selected 
breakfast cereals (Clarke and Kennedy, 1961).
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Table IV
Body Weight Gains and Protein Efficiency of the 80 Rats After They 
Were Fed Special Diets of Baked and Unbaked Whole Wheat Breads 
and Selected Cereals Over a Period of 4 Weeks
Gain in body Protein efficiency 
weightNitrogen
intake
(gm)Diet (gm) S.D.* Ratio S.D. *
A. Unbaked whole wheat 












1.56 0.123.3 1.2 0.34
E. Cereal to be 
cooked 5.41 96.2 10.0 2.84 0.17
^Standard Deviation
Clark and Kennedy, 1961.
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In this study, it was 4%, 2-16%crumb of breads when air-oven-baked.
as reported by Rosenberg and Rohdenburg (1951), Pomeranz et al. (1961)—
The author concluded that besides the destruction of protein2-10%.
during the Maillard reaction, the unavailability of lysine adds to the
decrease in protein quality.
Biscuits containing groundnuts and skim milk which had enough
protein to aid in the treatment of Kwashiorkor were investigated.
Clinical studies showed these biscuits to be inferior in protein
Clegg (1960) found that there was much less available lysinequality.
When skim milk wasin these biscuits than in the unbaked material.
added before baking, there was a loss of 39% lysine; when added after
Frazier et al. (1964)baking, the lysine was greater in availability.
worked with a cake mixture for the convalescents that was designed to
Rats fed on the baked product gained lessbe of high protein quality.
than one-third the weight as those fed the unbaked products; however.
it was found that supplementation of lysine could make up for this
Carpenter and March (1961) stated that checks should bereduced gain.
made on the quality of the final products as well as on the individual
ingredients before the products should be completely accepted as of
high protein quality. Calhoun and others (1960) mentioned that the
condition of bread baking appears to be less damaging than other
The addi-baking procedures, although there is some nutritive loss.
tion of skim milk powder to the dough allows a net increase in protein
value as compared to that of the basic dough that calls for no milk at
Since there is more loss of protein quality in crust than crumb,all.
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this might be the reason for the increase in protein qualities in
bread than other baked products, such as biscuits.
McDermott (1957) reported that according to the Ministry of
Agriculture, Fisheries and Food, and the National Food Survey Commit­
tee, 27.8% of total protein consumed in England was from wheat flour
He found that the amino acid content of these productsand bread.
supplies in excess five of the essential amino acids: valine, leucine,
isoleucine, phenylalanine, and threonine. Lysine contributed by these
products was below the minimum requirements and tryptophan was at the
minimum level. Methionine when considered by itself was below the
minimum requirements. These three amino acids were found to be lost
more in crust than crumb.
An experiment to show that heat damages protein quality in food
was performed by Bjarnason and Carpenter (1970). Bovine plasma con­
taining 40% moisture was heated for 27 hours at 115°C. There was a
considerable destruction of amino acids and also binding of lysine.
The binding of the lysine was caused by a reaction between the amino
group of the lysine and the carbonyl group in the protein. This cross
link reduces the nutritional availability of all the essential amino
acids. There was, however, a 50% loss of cystine and a 4% loss of
lysine. They concluded that only cystine seems to suffer any great
loss in carbohydrate-free protein. The changes in amino acid composi­
tion are not of much nutritional significance unless the destruction
of cystine was enough to make the sulfur amino acids limiting.
19
TOXICITY OF THE MAILLARD REACTION
Another important phase of the Maillard reaction is the toxicity
that occurs in some foods. Many studies show that premelanoidins are
not only of no nutritional value but are toxic as well. When the
nitrogen-containing premelanoidins were added to a protein-free ration.
animals showed a weight loss of 1.36 g/day as opposed to a 1.13 g/day
loss in the control group. Premelanoidins greatly increase the size
of the caecum. They cause a slight hypertrophy of the liver and a
more pronounced hypertrophy of the kidney. These are signs of certain
toxicity or nutritional deficiencies. These factors are more pro­
nounced when premelanoidins are given to pregnant and lactating
mothers. Their offsprings lose weight both after birth and after
weaning. In Table V are shown states comparable to that of poor
nutrition created by premelanoidins. Krug et al. (1974), as reported
by Adrian, demonstrated that the Maillard reaction containing a mix­
ture of one part amino acid to three parts glucose was toxic. Before
heating, the mixture showed a greater than 20 g of mixture per kg
After 10 minutes' treatment at 160°C, toxicityanimal weight.
increased and the LD^q ranges were 11.2 to 4.1 g/kg according to the
type of amino acid used. Lysine premelanoidins were the most toxic
because of the pronounced reactivity of this amino acid during the
Maillard reaction.
Adrian (1974) investigated hepatic disorders in connection with





(2 gm premelanoidic 
nitrogen/kg ration)Control diet
18.7Dry intake, gm/day 18.2
Weight gain during 
pregnancy, gm 85.0117.0
Number of implants, 
mean per female 10.411.2










Results of pregnancy in female rat receiving diets with or without 
premelanoidin addition (glycine-glucose). These results indicate 
that premelanoidins create a state comparable to that of poor 
nutrition or malnutrition (Adrian, 1974).
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of necrosis of the liver. This study is substantiated by another
group which discovered that animals receiving roller-dried milk powder
showed hepatic necrosis proportional to the intensity of the process­
ing temperature. They found that the number of animal deaths by
necrosis is 0.95% with liquid milk, 40% with spray-dried milk powder,
and 70% with the roller-dried product. Heated dried meat has low
nutritional values, and the PER becomes nil if 18% glucosylamine is
added prior to heating. The livers of the.affected animals become
slightly hypertrophied as with diets containing pure premelanoidins.
The liver showed two types of lesions: 1) early necrotic lesions with
hemorrhagic symptoms which corresponded to subacute intoxication, and
2) later, cirrhotic-like lesions which correspond to subacute intoxi­
cation (Adrian, 1974).
Studies made by Blunink and Young (1974) indicate that the
Maillard reaction is responsible for some allergic reactions. When
beta lactoglobulin molecules react with lactose during heating and
then fed to animals, an allergic reaction develops. If heating con­
tinues, the products formed are less allergenic. It would appear.
therefore, that the premelanoidin stage of the reaction seems to cause
this. Physicians have found that replacing pasturized milk by
evaporated milk helps to lessen this type of allergy to the beta
lactoglobulins.
MOISTURE, PH, AND TEMPERATURE
Hodge (1953) reported that browning increases rapidly with a rise
22
in temperature as well as a rise in pH of the material. Leo and
Hannan (1949) also reported that an increase in water content causes
degradation and browning of products containing sugars. Browning
products are produced from highly reactive reducing sugars at pH
levels independent of the presence of amino acids (Pomeranz et al.,
1961). Schroeder et al. (1954) found that water had a definite
inhibitory effect on the browning reaction. Only in an alkaline
solution was there a definite interaction between the amino group
and the reducing sugar. Browning, they concluded, was due to the
effect of pH on carbohydrate only and not on the carbohydrate and
amino compound interaction. In the process of bread baking, Bertram
(1953) noticed that the browning reaction in the loaf surface was
inhibited if the moisture content decreased too quickly. Leo and
Hannan (1949) reported that the Maillard reaction increases with
alkalinity from pH 3-8 at least and probably up to pH 10. Natural
or artificial acidification of foodstuffs will help in maintaining
protein stability while alkalination will cause them to react more
intensely. He suggested that the reaction needs water to ensure a
very good start at the initial stage of the reaction but becomes an




Forty-eight weanling male rats were divided into groups of eight
and were fed diets of whole wheat bread made from a basic recipe with
the addition of nonfat dried milk, minerals, and vitamins adequate for
the animals’ needs. To ensure that each group had approximately the
same weights, a modified random technique was used to select the rats
They were maintained on this dietwhich were placed in six groups.
for 28 days and checked frequently to make sure that adequate food.
water, and environmental conditions were maintained.
DIET PREPARATION
A basic whole wheat bread recipe was selected from Vegetarian
A nutritional analysis of theCookery, Vol. II, as shown in Table VI.
The sugars that were usedrecipe was calculated from Handbook No. 8.
in the preparation of the whole wheat bread were white sugar (A & B),
In the bread batches A, C, andcorn syrup (C & D), and honey (E & F).
E, the sweeteners were added prior to baking, while in batches B, D,
and F, the sweeteners were added after baking.
To make the breads, 6 grams of yeast were dissolved in about 100
grams of warm water at approximately 90°F. If the batch was to
receive a sweetener before baking, it was stirred in about 200 grams




Basic Whole Wheat Bread Recipe Which was Taken from a Modern 
Cookbook and was Modified to Suit Specific Rat Diet
Grams
5284 cups whole wheat flour
2502 cups white flour
*3/4 cup cold water
403 tbsp corn oil
1/2 cup white granulated sugar 100
61 tbsp salt
*1/2 cup warm water
*1 cup boiling water
7.51 pack dried yeast
25Carnation nonfat dried milk powder
956.5
Addition to Basic Recipe
1211/2 cup honey
1/2 cup corn syrup 133
*Approximately measured variables dependent on the sweeteners used.
Vegetarian Cookery, Vol. ±1.
Table VII
A Nutrition Evaluation of Each Individual Ingredient of the Whole Wheat Bread Recipe
Amount Energy 
cal.Item PRO FAT FIBER CaCHO FeP Na THIA. RIB. NIA.Kgms.
Whole Wheat Flour 528 1769 49.6 10.6 398.1 190 208010.8 15.8 16 2059 1.10 0.65 8.8
White Flour 250 910 26.3 2.5 190.2 0.8 40 218 7.3 5 238 2.80 0.63 28.0
Nonfat Dried Milk 25 91 9.0 .2 13.1 0 327 254 0.2 133 436 0.09 0.45 0.2
White Sugar 385100 0 0 99.5 0 0 0 0.1 1 3 0 0 0
121 368 0.4Honey 0 99.6 6 70 0.6 6 62 0 0.05 0.4
Corn Syrup 386133 0 0 99.8 610 21 5.5 90 5 0 0 0
Yeast 7.5 21 2.8 0.1 2.9 0 3 97 1.2 4 150 0.17 0.41 2.8
Salt 6 0 0 0 0 150 0 0 2326 0 0 0 0
21Oat 186 210 0 0 0 0 0 0 0 0 0 0
Total 1191.5 4115 88.0 34.4 903.2 10.8 643 2677 30.6 2581 2953 4.16 2.19 40.1




oil were added. The dissolved yeast and about 150 grams of cold water
at approximately 70oF were added to the mixture after the mixture had
cooled to a temperature of 90°F. Except for a small portion which was
used to flour the kneading board, the flour was mixed gradually with
the other ingredients until a stiff dough was formed. The dough was
then turned out on a slightly floured board and was kneaded for 10
minutes until the mixture was smooth. In an oiled bowl, the material
was left to rise for 2 hours at a temperature of 90°F until it was
light and double in size. After 2 hours, it was punched down and
another 30-minute rising time was allowed. The dough was then divided
and shaped into loaves, placed in oiled bread pans, and then allowed
to rise 30 minutes. The loaves were then placed in a 350°F oven and
baked for an hour. During baking, the bread was watched very closely to
ensure that each had heat as even as possible. Therefore, after 30
minutes' baking time, breads from the higher racks were placed on the
lower racks and those from the lower racks were placed on the top
racks. At the end of the baking period, the bread was taken from the
oven, removed from the pans, and allowed to cool on wire racks for 20
minutes.
The loaves were then sliced in a commercial bread-slicer and left
to be air-dried for 2 days in a room at 85°F. The dried bread was
ground for 1 minute in a Commercial Wheat Mill made by Laboratory Con­
struction Company. Then vitamins, mineral mixture, and sweetener were
added prior to blending with the dried bread crumbs for 30 minutes to pro­
duce the homogenous animal diets. Kjeldahl determinations were made on
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each animal diet. The results of the Kjeldahl protein analysis are
shown in Table IV. The material was then stored for 1 week in a deep
freezer until needed for the rat feeding study.
ARRANGEMENT AND FEEDING PROCEDURE
On September 2, 1975, 48 Sprague-Dawley Laboratory male rats were
received and placed in individual cages. On September 3, the initial
weights of the rats were taken. The animals were given regular rations
of laboratory rat chow for 3 days while they adjusted to the new
environment. On the fifth of September, a random technique was used
to arrange the rats in groups. A cluster sample was obtained and the
animals were given identification numbers. They were divided into six
The average weight of fats for each group wasgroups of eight rats.
440 grams.
Groups A, C, and E received whole wheat bread with sweeteners
added before baking, while Groups B, D, and F received whole wheat
bread with sweeteners added after baking. The animals were given 30
grams of experimental diet in individual feeding bowls which had an
outer container to collect any food that would otherwise be wasted;
this amount increased slightly every 4 days. They received tap water
which was changed twice each week. One rat died on the 11th of
September causing a decrease to seven rats in the group that was fed
whole wheat bread which had corn syrup added after baking. After 28
days, the animals were brought to a surgical room to be sacrified by




The General Linear Model was used to statistically analyze the
Design variables are time when sugar was added before or afterdata.
baking; type of sugar used in Groups 1, 2, and 3; initial weight—
covariable; and final weight—dependent variable.
Chapter IV
RESULTS
The protein quality of baked whole wheat bread was assessed by the
growth of weanling rats which were fed prepared diets containing about
12% protein.
During the baking of the whole wheat breads, after 25 minutes.
the crust of the loaves containing the sweeteners began to brown
faster and were slightly darker brown at the end of the baking period
After the breads were bakedthan the breads baked without sweeteners.
and the necessary drying, grinding, and addition of minerals and vita­
mins were made, the dietary protein was assessed by the results of the
Kjeldahl determinations. The results of the Kjeldahl determinations
These determinations show that there was anare shown on Table IX.
average of 12% protein for each rat diet.
Table X shows the total amount of food consumed by each group of
There was no significant difference in the amount of food eatenrats.
The groups that were fed the whole wheat breadsby any of the groups.
with sweeteners added after baking had a slightly higher increase in
food consumption, but this increase was not statistically significant.
The modified Essential Amino Acid Index (Table XI) showed that lysine
The ingredients of thewas the most limiting essential amino acid.
Threonine and valine levels arebread have a Chemical Score of 43.
Tryptophan and isoleucine55.6% and 59.0% respectively of that of egg.




Final Measurements of the Whole Wheat Bread Product 












Baked with Corn Syrup 





Baked with White Sugar 






Kjeldahl Result to Determine the Protein Quality of the Bread
% Protein Titration ResultsGroups






Baked with Corn Syrup 





Baked with White Sugar 





1.5 grams of each sample were used.
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Table X
Measurements of Whole Wheat Bread Eaten and Weight Gain 
by the Rat for 28 Days
Total Weight 
Gain in 4 
Weeks
Total Whole Bread Consumed 
by 48 Rats 
(grams) PER*







The Protein Efficiency Ratio was calculated according to Rao et al, 
1964.
Table XI
Modified Essential Amino Acid Index for the Ingredients of the Whole Wheat Bread
Wt. % Prot. gm. Prot. N factor Gm. N Ratio Try Thr lieu Leu Lys Val HistS A
528 13.3 70.4 5.83 12 50Whole Wheat Flour 0.70 117 177 273 112 151 354 189 83
White Flour 250 10.5 22.9 5.70 4 0.24 105 31 132 12116 39 62 59 34
Nonfat Dried Milk 25 35.8 6.6 6.35 131 0.06 5.0 17 24 37 29 26 1038
Egg Test % Log
71103 68.9 1.838Try
311 173 55.6 1.545Thr
415 263 63.4 1.802lieu








Biological Value — 63.7









3.769.24With White Sugar 76.38





Mean, Standard Deviation, and Standard Error of Mean of the final 
weight for the six groups.
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amino acids and leucine are 81.4% and 75.5% respectively of that of
The sulphur-containing amino acids and histidine are 86.5% andegg.
84.6% respectively of that of egg. The modified Essential Amino Acid
Index, which is a rough approximation of the biological value for the
ingredients of the whole wheat bread in this study, is 63.7.
When the means of the initial weights as shown in Table XIII were
calculated, they were found to be 54.25 g, 55.25 g (A, B), 53.2 g.
53.57 g (C, D), and 55.25 g, 56.0 g (E, F) respectively. The differ­
ences in means for both initial and final weights are as follows:
22.2 g, 29.4 g (A, B), 27.85 g, 25.4 g (C, D), and 18.26 g, 24.5 g
(E, F) respectively. There were no significant differences in the
means for the growth rate of the animals. As shown on the graphs in
Figures 3-1, 3-2, and 3-3, the rats that recei-ved breads with sweet­
eners added after baking had average weight gains ranging from 80-90 g,
while those that received breads that had sweeteners added before bak­
ing had averages which ranged from 73-76 g.
Calculations for the kidneys and livers are shown in Table XIV.
These organs were calculated because they are important in protein
The means of the kidneys were 1.0 g, 1.0 g (A, B), 0.90 g,storage.
0.90 g (C, D), and 0.90 g, 0.90 g (E, F) respectively. The means of
the livers were 3.37 g, 3.1 g (A, B), 3.26 g, 3.05 g (C, D), and 2.93
g, 3.06 g (E, F) respectively. The range of the kidney weights was
0.8-1.4 g, and the range in liver weights was 1.2-4.3 g. There were
no statistical differences in the weights of the livers and kidneys.
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Table XIII





A With White Sugar 54.25 5.97 2.11
B Without White Sugar 55.25 1.303.69
C With Corn Syrup 53.2 1.724.89
D Without Corn Syrup 53.57 0.752.00
E With Honey 55.25 4.97 1.75
F Without Honey 56.0 1.353.85
Mean, Standard Deviation, and Standard Error of Mean of the initial 
weight for the six groups.
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Number of days animals were fed.




Kidney Weights of Rats after 28 Days to Determine if there was any 












Liver Weights of Rats after 28 Days to Determine if there was any 














Initial and Final Weight of Group A: Their Differences, Mean, 
Standard Deviation, and Standard Error of Mean of the 
Group of Rats that Were Fed Whole Wheat Bread 
Baked with White Sugar
Standard 





Initial Wt. Final Wt.
(gm)(gm)No.
4921 73 24 22.2 8.27 2.92
09 55 59 4
43 45 76 31
33 58 85 27
34 65 88 23
35 55 2782
17 52 1870
39 55 78 23
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Table XVI
Initial and Final Weight of Group B: Their Differences, Mean, 
Standard Deviation, and Standard Error of Mean of the 
Group of Rats that Were Fed Whole Wheat Bread 





Standard Error of 
Mean Deviation Mean
Initial Wt. Final Wt. 
(gm) (gm)No.
31 58 88 29.430 8.56 3.02
06 53 79 26
47 53 65 12
07 50 69 19
36 59 95 36
41 61 98 37
11 54 88 34
19 54 88 30
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Table XVII
Their Differences, Mean,Initial and Final Weight of Group C:
Standard Deviation, and Standard Error of Mean of the
Group of Rats that Were Fed Whole Wheat Bread 
Baked with Corn Syrup
Standard 

















Their Differences, Mean,Initial and Final Weight of Group D:
Standard Deviation, and Standard Error of Mean of the
Group of Rats that Were Fed Whole Wheat Bread 
to which Corn Syrup was Added after Baking
Standard 
















Their Differences, Mean,Initial and Final Weight of Group E:
Standard Deviation, and Standard Error of Mean of the
Group of Rats that Were Fed Whole Wheat Bread 
Baked with Honey
Standard 

















Their Differences, Mean,Initial and Final Weight of Group F:
Standard Deviation, and Standard Error of Mean of the
Group of Rats that Were Fed Whole Wheat Bread 





Standard Error of 
Mean Deviation Mean













The purpose of the present study is to determine the effects of
honey, corn syrup, and white table sugar, when used as an ingredient in
The protein quality wasthe protein quality of whole wheat bread.
assessed by rate of growth of weanling laboratory white albino rats.
It was observed in this study that during the 1-hour baking of
whole wheat bread after approximately 25 minutes, the crust of the
breads baked with sweeteners started browning faster than the breads
The complete time for baking inthat were baked without sweeteners.
the present study was 1 hour; and at the end of this period, the
products with sweeteners had a darker color than those that were baked
These findings are in agreement with Linko andwithout sweeteners.
Johnson (1962) who found that when sugar was added to a standard bread
mixture, there was an increase in crust browning and a decrease in
In this study, the amount of amino acid lost inamino acid content.
crust was not measured; but since the breads with sweeteners added
before baking had the tendency to develop a browner crust, there might
have been more loss of amino acids in the crust of these breads.
Rosenberg and Rohdenburg (1951) reported that when breads were
baked in pans, their protein quality was higher than when they were
Adrian (1974) found that the crust of the breadbaked without pans.
It would seem, therefore, that evenforms a protection for the crumb.
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though sugar was added to some groups before baking, the protein
quality of the breads baked in this study was not affected to any
extent because they were baked in pans and because the crust they
developed protected the crumb from the Maillard reaction.
Many investigators have reported that even the drying and grinding
of foods can create the conditions for the browning reaction (Jones and
For this study, the breads were dried atGersdorff, 1941; Haas, 1962).
a temperature of about 85°F for 48 hours, and they were ground for
1 minute in a commercial wheat mill made by Laboratory Construction
The methods used for grinding and drying in this study wereCompany.
such as to minimize the browning reaction since direct heat and
extended periods of time were not involved.
The temperature for bread baking in the -present study was 350°F,
In other studies, baking tempera-and the time for baking was 1 hour.
tures ranged from 870F-392°F, and various time limits of 15 minutes to
It would appear from the findings of other30 days were used.
researchers that the longer time periods, 2 hours and more, and the
extended heating times increased the browning reaction, thus causing
The present studya greater loss in amino acid content of foods.
indicates that the shortness of time used could have spared the amino
acids in the whole wheat bread.
Calhoun and others (1960) reported that there is less damage to
baking bread than baking biscuits. Only a little nutritive loss
occurs if ordinary bread making procedures were used, which might have
minimized the nonenzymatic browning reaction; but there was a trend in
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the decreased growth rate of the rats that received the breads baked
with sweeteners as compared to the growth rate of rats fed diets con­
taining the breads that were baked without sweeteners. This decrease
of growth rate was not significant.
In the present study, all breads were baked for the same length
of time of 1 hour and were baked in the same kind of ovens, thus allow­
ing a basis for comparisons. Clarke and Kennedy (1961) found that when
whole wheat breads baked in a microwave oven were fed to rats, they
had an increase in growth rate as compared to rats fed whole wheat
breads that were baked in air-ovens. The breads were baked for a
shorter time than those baked in air-ovens; therefore, the microwave-
baked breads did not undergo as much browning as the breads baked in
air-ovens.
The livers and kidneys of the rats were weighed because they are
important organs for amino acid storage in the animals' body (Munro
and Allison, 1964). Adrian (1974) reported that premelanoidins cause
a slight hypertrophy of the liver and a more pronounced hypertrophy of
the kidney. These, he stated, were signs of certain toxicity or
nutritional deficiencies. As shown in Table XIV, there was no signifi­
cant difference in the weights of the livers or kidneys of the rats in
the present study. This, therefore, suggests that in the rat groups.
the protein metabolism was more or less the same.
RECOMMENDATIONS
This study indicates that the Maillard reaction does not damage
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the protein quality of whole wheat bread baked for an hour at a
temperature of 350°F. However, in future studies, a larger population
of rats could be used to give greater sensitivity to the data. Since
many findings have indicated that lysine is tied up in the crust of
breads and since lysine is one of the essential amino acids necessary
for growth, one group of rats could be fed the crust of the bread
alone while another group could be fed the crumb of the same bread.
Before feeding, however, the percent of amino acid loss during baking
should be analyzed and compared with the amount of amino acid content
in the raw ingredients. Since many investigators have shown that there
is an increase in browning and a loss of amino acids with increased
group could be fed breads made withreducing sugar content, another
a large amount of reducing sugar while a comparing group could be fed
breads that had just a small portion of that same sweetener (Maillard,
1972; Linko and Johnson, 1962; Kretovich and Ponomareva, 1961).
It is recommended that various groups of rats could be given whole
wheat breads that were baked at different time intervals at the same
temperature, while other groups of rats could be fed breads that were
baked for the same length of time but were baked at different tempera­
tures so that a definite comparison could be made as to how time and
temperature affect the Maillard reaction.
The Biological Value and Protein Efficiency Ratio of toasted bread
could be investigated by feeding to a group of rats thin slices of
bread that were toasted and ground. The result in weight gain would
give some indication whether a significant amount of amino acids essen­
tial for growth was being lost during the toasting of bread.
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SUMMARY AND CONCLUSION»
Forty-eight weanling male Sprague-Dawley laboratory white rats
were fed diets composed of whole wheat bread which was made with one
of the three sweeteners studied and added before or after baking and
adequate vitamins and minerals for the animals' needs. The rats were
divided into six groups, designated A through F. Groups A, C, and E
were fed bread diets that had the sweeteners honey, corn syrup, and
white table sugar added respectively before baking, while Groups B, D,
and F were fed bread diets with the sweeteners honey, corn syrup, and
white table sugar added respectively after baking.
The data in this study indicate that no significant difference
was found in the growth of rats fed diets containing whole wheat bread
in which the sweeteners were added before or after baking. Though the
rats fed the bread diets baked without sweeteners added before the
baking had increased growth rates, the increased growth rate for this
size group was not statistically significant.
The data presented in this study showed that there was no signi­
ficant difference in the rate of growth in rats consuming diets con­
taining whole wheat bread whether honey, corn syrup, or white sugar was
Since the sample in this study wasadded before or after its baking.
limited, a generalization should not be made. However, from the find­
ing of this exploratory study, it appears that if ordinary bread pro­
cedures as used in this study are used, the amino acid content of







Growth Rate of Rats for 28 Days
(The rats were weighed every 4 days after their 3 days of adjustment 
to their experimental environment. Weights were recorded in grams.)
rats fed whole wheat bread baked with white table sugar.Group A
KidneyLiverFinalInitialID
.883.47350 53 64 65 6921 49 41 39
.812.55954 58 6054 62 6055 4509
.973.5768158 59 62 7945 48 5043
1.4085 3.867 74 7857 67 6833 58 61
.913.874 8275 7362 6635 55 5162
75 79 1.404.384 8858 68 6834 65 56
.962.87063 66 6852 54 5417 52 45
70 ’ 78 .803.170 7255 49 54 58 6139
Table A.l.b
addedGroup B - rats fed whole wheat bread that had white table sugar 
after baking.
KidneyLiverFinalInitialID
.923.28884 89 9047 64 5831 58 51
1.14.17965 74 7653 49 46 55 6006
.761.26573 7062 64 6947 53 56 52
.812.86965 6742 54 6107 50 46 49
1.03.59570 82 8067 6959 57 5736
1.02.99895 9768 75 8741 61 59 54
1.33.78877 8044 59 65 7211 54 45
1.33.98475 726819 54 43 54 57 61
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Table A.l.c
Group C - rats fed whole wheat bread baked with corn syrup.
Liver KidneyFinalInitialID
59 64 68 7254 57 68 3.2 .9701 47
45 53 51 6414 42 67 66 76 3.6 .97
29 54 50 67 71 76 77 83 3.4 .9863
.7822 41 41 51 65 58 62 65 68 2.8
8405 51 52 73 76 3.9 .9663 62 76
13 50 50 53 53 56 55 65 .8442 2.7
51 51 69 75 2.9 .9032 60 62 60 68
42 85 .8548 54 64 66 73 74 75 3.6
Table A.l.d
Group D - rats fed whole wheat bread that had corn syrup added after 
baking.
Final Liver KidneyInitialID
.8726 53 48 62 67 68 81 2.747 76 78
.8975 80 2.646 53 53 51 61 66 61 77
1.0065 85 3.704 52 44 46 62 67 78 78
55 65 56 80 3.1 .9003 51 44 41 68 69
.9840 54 57 46 61 66 66 77 79 82 2.8
65 3.1 .8712 55 43 48 60 64 74 75 76
3.4 .9608 57 46 6948 57 68 60 67 68
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Table A.l.e>
Group E - rats fed whole wheat bread baked with honey.
Initial Final Liver KidneyID
15 53 46 50 53 55 57 60 62 64 2.6 .85
44 63 55 54 64 65 68 70 73 79 3.6 .99
27 55 47 52 57 57 60 68 69 71 2.8 .88
28 54 58 56 65 65 66 69 69 78 2.9 .94
25 63 54 60 66 68 68 76 78 82 3.1 1.00
38 52 57 53 60 61 66 70 71 78 2.8 .97
18 51 53 53 . 59 58 59 64 66 69 2.8 .97
48 51 45 49 57 63 57 62 64 70 2.9 .85
Table A.l.f
Group F - rats fed whole wheat bread that had honey added after baking.
Initial Final Liver KidneyID
23 53 52 53 63 68 66 75 76 78 2.5 .81
20 49 51 49 59 63 59 67 69 70 3.2 .83
02 57 50 57 68 69 71 79 78 79 3.2 .93
45 59 65 52 62 64 70 74 77 78 2.6 .91
16 59 54 52 48 65 64 75 76 89 3.2 1.00
37 61 59 58 73 70 76 86 87 82 3.1 .90
24 55 51 56 67 76 76 88 90 82 3.1 1.00
30 55 42 55 65 74 77 80 84 86 3.6 1.00
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Table A.2>
Measurement of Total Ingredients in Whole Wheat Bread for 28 Days
25 gms x 8 x 28 = 5600 gins.
5600 gms f 956 = 6
6 x 6 = 36
Ingredients
528 x 36 * 454 = 42Whole Wheat flour
250 x 36 t 454 = 20White flour
25 x 36 f 454 =2.0Carnation dried milk
40 x 36 ~ 454 = 3.2Corn oil
6 454 = 1.3-100 xGranulated white sugar
6 t 454 = 1.6121 xHoney
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